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Abstract 
This paper analyzes the relationship between health IT investments and regional health care costs. We 
focus on the regional level effects, which take into account externalities that arise from patient mobility. 
We find that the relationship between health IT and costs are stronger at a regional level than hospital 
level, confirming the presence of externality of health IT investments. This finding has important 
implications: it suggests that hospital level analysis underestimates the benefits of health IT investments 
and can lead to suboptimal investment decision from the society’s point of view. We also find that cost 
reduction impacts of health IT investment are higher over the long term. We present evidence that 
advanced IT applications that enable within hospital communication are more beneficial in more urban 
areas. Higher software integration among the adopting hospitals further decreases the health care costs 
in the area by enabling electronic medical record sharing. In addition, we show that not all hospitals 
have to make same level of IT investment to obtain optimal reductions in health care costs. Instead, 
having some leading hospitals in health IT investments can be more beneficial.  
Keywords: Health IT; Impact of IT 
 
1 Introduction  
Health care costs remains as the focus of several policy debates in the US. The US National Health 
Expenditure in 2010 was estimated to be $2.6 trillion and this figure is estimated to grow to $4.6 trillion 
in 2020. The pace of growth is expected to outpace average annual growth by 1.1 percentage points 
(CBO, 2008). With medical costs expected to rise at such an alarming rate, research has been focused on 
possible solutions that may exist to limit the rise of these costs. 
The increasing investments in health IT are expected to reduce health care costs, and researchers have 
attempted to examine health IT impacts on health care costs. This question gained more attention with the 
recent Health Information Technology for Economic and Clinical Health Act (HITECH Act) that devotes 
$26 billion dollars for health IT expansion. Health IT applications can lead to better health care and 
improved diagnostics via clinical decision support systems and electronic medical records (EMR). IT 
applications improve communication and information exchange within and between hospitals. Better 
diagnostics and health care quality can translate into lower costs by reducing medical errors, defensive 
medicine, unnecessary re-admissions and ER visits, and over-testing. These problems have been 
estimated to cause a total of $262 billion dollar waste in US health care in 2006 (Pwc HRI Report 2010).  
Despite these promises, evidence on the effects of health IT investments have been mixed. Although a 
number of studies have found positive effects of the adoption of IT as a method to reduce costs and 
increase performance (Athey and Stern, 2000; Borzekowski), other studies have found that the adoption 
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of health IT may not always have positive effects on operational measures (Dranove, Forman, Goldfarb 
and Greenstein, 2012; McCormick, Bor, Woolhandler and Himmelstein, 2012). Most of the literature 
focuses on the effects of health IT adoption at the hospital level. In this study, we examine the impact of 
health IT investment on regional health costs in the US.  We focus on the regional externality effects 
because the impacts of health IT can exceed the adopting hospital since patients are mobile and they 
switch between hospitals. Better diagnostics and health care provided to a patient in one hospital and 
efficient information sharing between hospitals can lead to lower re-testing, more accurate diagnosis and 
treatments, and lower unnecessary visits for another hospital. Previous studies have argued that there may 
be spill over effects of the adoption of EMRs to hospitals that are collocated (Miller and Tucker, 2011), 
however there is no evidence in the literature on this regional externality effect of health IT adoption, nor 
has it been measured. To account for the externality, we conduct a county level analysis. There can be 
certainly a spillover effect beyond the county level, but we expect the county where an IT investing 
hospital resides would pick up most of the spillover effect.  In addition, we choose county as our unit of 
analysis, because it is a defined policy unit, and demographics and other related information is available 
for all counties in US. We find that health IT investment reduces health care costs in a county, while 
health IT applications may increase the cost levels for the adopting hospitals. These findings provide 
evidence for the externality effects and shows that health IT adoption could be costly for the adopting 
hospitals but it can lead to cost reduction for all hospitals in the area especially in the long-run. 
Additionally, by studying the adoption of IT at county level, we can further explore regional 
characteristics that influence the effect of IT on health care costs, which are especially important for 
public policy purposes. These characteristics would not be available for more micro level unit of analysis 
or for categorizations such as hospital referral regions (HRRs). First, we analyze if the impacts are 
different in urban and rural counties. Urban locations have a larger number of hospitals that can reinforce 
the spillover effects. More urban locations also have higher complementarities to health IT investments 
that enables higher benefits. For example, urban locations have larger IT industries that complements 
health IT investments with more skilled and IT labor in the area (Dranove et al., 2012). Second, we 
analyze how the distribution of health IT adoption among hospitals affect cost reduction benefits of IT. 
Government policies such as HITECH are providing incentives for providers who adopt EMRs. 
Additionally, by studying the effect of ICT at the county level, we hope to account for regional variations 
in the provision of health care that have been well documented in the literature (Phelps, 1992).We 
empirically test whether the cost reduction benefits are larger when all hospitals adopt health IT 
applications versus the case IT applications are concentrated to a few hospitals. Our results indicate that, 
regional cost reductions can be achieved with concentered health IT in some hospitals in the county. In 
other words, not all hospitals need to have the same level of advancement to provide the benefits at a 
regional level. Third, we analyze the impacts of software integration on the health care costs. We 
hypothesize and find that higher software integration among the adopting hospitals in a region is 
associated with larger cost reduction, suggesting the importance of ensuring compatibility and integration 
of IT investment across hospitals. 
We also differentiate IT application type following the conventional distinction between basic and 
advanced health IT classification in health IT industry. The rate of adoption of basic statistics in Medicare 
supported hospitals stood at 75%-80% while the percentage adopting advanced IT stood at 22%-24% in 
the year 2009 (Dranove et al., 2012). In our analysis, we study the effect of the adoption of basic and 
advanced IT separately, and find that advanced IT applications are more effective in cost reduction over 
the long run, especially for more urban counties. 
We make several major contributions. First, we contribute to research that has primarily focused on the 
effect of the adoption of electronic records at hospital level. We provide evidence that the impact of 
health IT on health care costs exceeds the adopting hospital and fill a gap in the literature by analyzing the 
effect of adoption of IT on costs at a regional level. Second, we further provide evidence on how the 
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regional factors shape the impact of health IT on costs. The distribution of health IT among the hospitals 
in the regional network, and the size of the network are found to be important determinants of how the 
benefits of health IT on costs are disturbed. Our findings also provide important policy implications: Our 
results suggest that policy makers need to take into account externality of health IT investments to ensure 
optimal health care cost reductions at the society level. In addition, it is not necessary to have a blank 
policy that requires all hospitals to make same level of IT investments. Instead, policy makers should 
focus on achieving the “critical number” of IT adopting hospitals (e.g., by encouraging or providing 
incentives to a set of hospitals to adopt health IT, in order to arrive the optimal results.   
2 Literature Review and Theoretical Development 
2.1 Literature Review  
Studies have argued that the potential for Information technology to change the provision of health 
services is enormous. A study by the RAND Corporation estimated that the potential savings from 
investment in Health IT could to the magnitude of $80 billion (Hillestad, Bigelow, Bower, Girosi, Meili, 
Scoville and Taylor, 2005). Chief among these the technologies that have the potential to change the 
manner in which health IT is delivered is the adoption of Electronic Medical Records (EMR) by physician 
and hospitals. EMRs have increasing prevalence in the health care industry as they are present in 17 
percent of physicians offices, 31 percent of emergency rooms and 29 percent of hospital outpatient 
departments in 2003 (Burt and Hing, 2005).   
Previous studies that have examined the effect of the adoption of EMRs on the operating cost have found 
conflicting results. A wide body of literature has found positive effects of the adoption of EMRs on costs 
as well as performance variables. Studies have linked the adoption of health IT with declining costs 
(Athey and Stern, 2000; Borzekowski, 2009) as well as with improvements in care at the hospital level 
(Athey and Stern, 2000; Miller and Tucker, 2011). On one hand, at the hospital level, the investment in 
EMRs has found a positive effect of investment in EMRs on standardized operational cost (Dranove et 
al., 2012) whereas other studies have argued that the effect of investments in IT are often negligible 
(Agha). Other studies of hospital level effects have found evidence of an increase in the level of operating 
costs after the adoption of EMRs (Dranove et al., 2012) 
On the other hand, health care providers have viewed the adoption of EMRs as a major disruptive 
technology. The adoption of these technologies is expensive with the typical cost ranging between $3 
million for a 250 bed hospital and $7.9 million for a 500 bed hospital. The corresponding operating costs 
would range between $700,000 to $1.35 million (2008). Additionally, the adoption of these technologies 
is viewed as disruptive and is often viewed as “an insufficient yet necessary ingredient” in medial service 
(Sidorov, 2006). Yet, systematic reviews of the literature have found that 92 percent of the literature finds 
positive results for the adoption of EMRs (Buntin, Burke, Hoaglin and Blumenthal, 2011). Other 
systematic reviews have concluded that Health IT leads to increased adherence to guideline-based care, 
enhanced surveillance and monitoring and decreased medication errors (Chaudhry, Wang, Wu, Maglione, 
Mojica, Roth, Morton and Shekelle, 2006) 
Overall, the research on the impact of EMRs on performance indicators has been divided. Previous 
studies focus on hospital level effects of EMRs and a gap in the literature is the regional level impacts. 
There can regional level impacts exceeding the hospital level impacts due to network effects and 
spillovers. Studies have also argued that EMRs may help hospitals co-ordinate patient care (McCullough, 
Parente and Town, 2013). This may be especially important in cases where individuals require regular 
assistance and coordination between different departments. In this study, we analyze the effect of the 
adoption of EMRs at the county level so as we exploit the changes in cost that may be observed by all 
hospitals in a county and not just those that adopt the IT. 
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2.2 Theoretical Development  
We analyze the contemporaneous and lagged effects of the adoption of IT on the operational cost of 
hospitals in the county, and how these effects change by county characteristics. 
2.2.1 Contemporaneous effects of health IT on regional health care costs 
Although there has been considerable research on the impact of investment in health IT on hospitals’ own 
costs, the evidence on the effects on regional health care costs is very scarce. There are two forces on the 
potential impact of health IT on operational costs. First, these IT investments are usually expensive, and 
therefore will directly increase the costs at the current adoption term. Health IT adoption can also increase 
the future cost levels, as these systems needs to be maintained and updated (CBO, 2008). On the other 
hand, these technologies can introduce several improvements that can reduce costs. Health IT applications 
are found to increase health care quality by enabling better diagnostics and decision making tools for 
doctors, and better patient control and tracking. All these factors can lead to improvement on the quality 
of health care and can reduce the cost by decreasing medical errors and unnecessary re-admission rates 
and over or repeated testing.  
We focus on the regional effects of health IT in this study. As described by McCullough et al. (2013) 
patients may switch between hospitals when they need different procedures to be performed at different 
hospitals. Electronic medical records and high-quality care in one hospital can affect the costs of another 
hospital due to patient’s mobility between the two hospitals. For example if a patient gets a CT scan in a 
hospital and goes to a second hospital later on, electronic medical records can decrease the over testing 
cost for the second hospital. Therefore, we expect the effect of health IT on regional costs to be stronger 
than hospital level impacts. Studies have also documented the effect of Health Information exchanges 
between hospitals (Yaraghi, Du, Sharman, Gopal and Ramesh, 2013{Yaraghi, 2013 #751)}.The long 
stream of literature on externality due to the is readily applicable in our setting (e.g. Katz et al. 1985). 
Several studies have documented the positive externality due to the adoption of IT and common standards 
in an industry and the externality that is derived from this (e.g. Katz and Shapiro, 1985; Markus, 
Steinfield and Wigand, 2006; Zhu, Kraemer, Gurbaxani and Xu, 2006). Externality from most IT 
investments arises from compatibility, on the other hand, externality of health IT investments is largely 
due to the quality of care and documentation enhanced by health IT investments. Health care costs can be 
reduced in one hospital because of higher quality care and information a patient received from another 
hospital that invested in health IT. Since majority of patients use hospitals in their residing county, county 
level analysis presents a conservative way to estimate the level of externality. We hypothesize that 
hospitals that are located in the same county can affect each other’s cost based on the network externality 
theory. In particular, when externality exists, we expect some benefits of health IT investment to be 
picked up by other hospitals, and therefore, we propose: 
H1: The impacts of health IT adoption on costs are stronger at the county level than at the hospital level.  
 2.2.2 Lagged effects of health IT on regional health care costs 
Next, we compare the short-term effects described above relative to longer-term effects. Health IT 
applications have high initial adoption costs, and it can take time for benefits to be realized. There is an 
impressive body of literature on positive returns of IT on productivity and output with the returns of IT 
being generally larger over the long term (e.g. Brynjolfsson and Hitt, 2003; Devaraj and Kohli, 2003; 
Peffers and Dos Santos, 1996). Higher long-terms effects are also present for IT spillovers (Han et al. 
2011) There are several theoretical reasons for lagged IT returns. First, organizations do not simply adopt 
IT and enjoy benefits—they go through a challenging process of changing their existing processes and 
tasks (Bresnahan, Brynjolfsson and Hitt, 2002). The benefits of IT are thus accompanied by large and 
time-consuming investments in complementary processes and assets (Brynjolfsson et al. 2002, 
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Brynjolfsson and Hitt 2003), and these improved complementary changes lead to larger returns from IT 
over time. Shifts in the labor task composition, and related restructuring of the corresponding processes 
and workplace organization are achieved through time-consuming changes, experimentation, innovation, 
and business process redesign. Besides, it takes time for employees to learn new IT systems and new 
processes (Armstrong and Sambamurthy, 1999).Improvements resulting from new IT follow the 
employees’ learning curve in using new technology (e.g. Peffers and Dos Santos, 1996). Complementary 
changes and learning-curve theories imply that the long-term contributions of IT use should be higher 
than the short-term contributions.  
Additionally, the better diagnostics and health care patients receive in the current time period may reflect 
into more significant cost reductions in the future by decreasing unnecessary visits. We expect that, 
through these mechanisms, the impact of IT on cost reduction will be higher over time. Thus, we propose: 
H2: Long-term impacts of health IT adoption on costs exceed contemporaneous impacts.  
2.2.3 Effects by IT application types (basic IT and advanced IT) 
An IT application varies in purpose and scale and can have differential effects on outcomes, such as 
productivity, and in this case, costs. Health care literature makes a distinction between basic health IT 
applications and advanced health IT applications (Dranove et al., 2012).  In the realm of the adoption of 
EMRs by hospitals, the adoption of more basic systems that allow hospitals to replace paper forms and 
records with electronic copies are referred to as basic IT whereas technologies that enable different 
departments in the hospital to connect and exchange information with each other as well as allow 
physicians to code patient observation chart (and allow the computer to assist with diagnosis) is known as 
advanced IT (HIMSS, 2011).  
We adopt this conventional distinction and differentiate the effects of basic IT and advanced IT on 
regional health are costs. Basic IT applications usually provide electronic records and decision support 
system for a given unit. Advanced IT applications enable EMR sharing and information exchange 
between different departments and hospitals. There are several reasons for basic IT and advanced IT to 
have differential impact on the cost levels. Basic IT applications are usually installed before the advanced 
IT applications (HIMSS, 2011). This means some of the cost reduction benefits of IT applications through 
increased health care quality, decrease in medical errors, and decrease in re-admission rates can be 
already realized through basic IT applications. On the other hand, it is possible that there is more chaos in 
the beginning of IT investments (i.e., basic IT), and for investing in advanced IT, hospitals may have a 
better idea of what to expect and easier for its investment to take effect. Additionally, advanced IT 
applications can enable further cost reductions by enabling EMR sharing between different hospitals. 
Thus, we propose: 
H3: Impacts of basic IT and advanced IT adoption on costs are different.  
2.2.4 Effects by county types (urban and rural counties) 
The main motivation behind studying the regional impacts of health IT on costs is the externalities 
introduced by a network of hospitals. Similarly, these externalities can change depending the 
characteristics of the locations. We analyze whether the impacts of health IT on cost is different for urban 
and rural counties. There are two major reasons why we expect differential effects in large counties. First, 
a large number of hospitals surrounding a hospital that adopts an IT system will be able to take greater 
advantage of the adoption of the IT system. We expect this effect to be important especially for advanced 
IT applications that enable between hospital record sharing and information exchange. Basic IT 
technologies are for within-hospital use and therefore the benefits from basic IT may not be higher for 
more urban counties with larger network of hospitals.  
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Second, there may be more complementary resources to health IT investments in larger (which 
corresponds to more urban) counties (Dranove et al., 2012).  More urban locations have a higher share of 
IT industry and higher share skilled and IT labor. Higher availability of these complementary industrial, 
maintenance and labor resource can be helpful to ensure smoother implementation and better realization 
of health IT investments and increases the cost reduction benefits of health IT. Access to complementary 
resources and spillovers from other hospitals that are closely located should enable higher average 
benefits of health IT in the network. We expect that counties that have more hospitals will be those that 
are located in urban locations that have a higher number of IT workforce and will also be able to learn 
from practices at other hospital IT providers. 
Previous studies have also argued that hospitals that have greater access to complementary IT services are 
more likely to adopt advanced IT systems (Dranove et al., 2012). For example, one of the factors that 
have been previously identified as having an impact on the impact of broadband success is the availability 
of skilled labor (Forman, Goldfarb and Greenstein; Forman, Goldfarb and Greenstein, 2012). Other 
factors that may have an impact on the success of IT adoption are software support and service that may 
be available from third parties (Arora and Forman) and infrastructure (Greenstein and McDevitt, 2011). 
Thus, we propose: 
H4: The impact of IT adoption on costs is stronger in more urban locations especially for advanced IT 
applications.  
2.2.5: Effect of the integration of IT systems  
The adoption of different IT systems by different hospitals is known to cause compatibility issues 
(Dranove et al., 2012). In order to address this, we examine the effect of adoption of the same software 
for the different hospitals that are co-located. We assume that hospitals that use a system from the same 
provider will be able to achieve complementarities and integration between the systems, and be able to 
exchange information between them – commonly referred to as network externalities. Network 
externalities refer to those product where the utility derived from the consumption of the product 
increases in the number of other agents that consume the product (Katz and Shapiro, 1985; Zhu et al., 
2006). If hospitals adopt the same software for health IT applications, this will increase the compatibility 
in EMRs, and thus making information exchange and communication between different hospitals easier. 
Hence, the utility of hospitals that install the same EMR system will increase as there are more collocated 
hospitals that adopt the same EMR system. More EMR sharing can decrease the unnecessary tests can 
lead to better diagnostics with better information on patients’ history. Thus, we propose:  
H5: The impacts of IT on costs are stronger when there is a higher level of software integration across 
hospitals in the same county.  
 3 Data  
We obtain hospital level IT investments from the Healthcare Information and Management Systems 
Society (HIMSS) database. The database obtains information of hardware and software adoption for more 
than 5300 healthcare providers across the nation. The data is collected via a survey administered to the 
different hospitals. HIMSS database is used in several studies, as it is the most representative and detailed 
database for health IT adoption (some recent examples are Dranove et al. 2012, McCullough et al. 2013). 
Additionally, we obtain operational performance data of hospitals from the Medicare Cost Reports 
database. The database contains yearly performance data from hospitals that have reported costs to 
Medicare so that Medicare can compute reimbursement rates. We use the database to collect information 
of a number of hospital characteristics such as operational cost, number of bed admittances, and number 
of employees. We also US Census data for county characteristics such as education, race, population and 
age characteristics of the county.  
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We merge hospital level technology adoption data with cost data.1 We aggregate the hospital level 
variables to the county level to construct a county panel from 1998-2010. Log ratio of the total operating 
cost in a county to total bed admittance is the main dependent variable. In order to construct our main 
independent variable, we consider the change in the level of IT by hospital on a year-to-year basis, as this 
allows us to track the year where an IT investment takes place This is then weighted according to the 
number of employees in that hospital divided by the total number of employees in all hospitals in the 
same county to weight the effect that the adoption of IT by that hospital would have on the county. This is 
then averaged for the county as the dependent variable.  
We further distinguish basic IT applications and advanced IT applications. The US EMR Adoption Model 
defines 8 stages for the adoption of IT in the health care sector. For example, HIMSS (2011) groups 
Clinical Data Repository, Clinical Decision Support System and Order Entry in to the rubric of basic IT 
and grouped Computerized Physician Order Entry and Physician Documentation into the rubric of 
Advanced IT.  
The Clinical Data Repository (CDR) is a database that is used by practitioners to maintain an up to date 
record of the data about a patient. This record is often unified across a number of different departments in 
a hospital. A Clinical Decision Support System (CDSS) helps medical providers in diagnosing patients 
about their conditions. Further, the technology can also help health provider’s chart out a treatment plan 
for patients. Order Entry allows hospitals to streamline hospital operations by making it easier for 
hospitals to replace paper forms and allow the electronic transfer of documents. Advanced IT 
technologies have been defined as adopting the Computerized Physician Order Entry (CPOE) or the 
adoption of Physician Documentation (PD). CPOE systems contain detailed information about patient 
history and are useful in being able to inform specific departments about the particular needs of the 
patient. Physician Documentation (PD) allows physicians to electronically manage the patient’s records. 
The system can then allow practitioners the ability to better assess the validity of their diagnosis and 
inform doctors about conditions that they may have overlooked. The rate of adoption of basic statistics in 
Medicare supported hospitals stood at 75%-80% while the percentage adopting advanced IT stood at 
22%-24% in the year 2009 Dranove et al. (2012). In our analysis, we study the effect of the adoption of 
basic and advanced IT separately in line with earlier studies in the area. 
We also analyze the effect of the inequality in the IT of different hospitals in the county. We measure the 
dispersion of IT investments across different hospitals in a county by computing the gini coefficient of IT 
adoption levels. Last, we conduct an analysis of the dispersion of the different software that is adopted by 
different hospitals in a county. For this, we compute the number of hospitals that have adopted a 
particular IT system provided by a specific IT vendor in the county and divide it by the total number of 
hospitals in the county that have adopted the particular IT system. The ratio determines the proportion of 
the population that have adopted the same IT system for that technology.  
4 Empirical Specification and Results 
We use following basic model for our baseline empirical specification:  
                                                      
1 We include hospitals that have more cost data for more than 3 years (from 1998-2010). For hospitals that have data missing for 
particular years, the data is interpolated. However, if the cost or bed admittance or number of employees data is negative, that 
hospital is dropped from the sample. This leaves us with 5099 hospitals for which we have data for 13 years. This operational 
data for the hospitals is then merged with the IT data of the hospitals. For the five technologies described above, we code the 
technology variable as 1 if the status is defined as “Live and Operational” in the hospital and 0 otherwise. For missing years, we 
interpolate/extrapolate the data. For hospitals where we do not have any IT information, we set the IT variable equal to 0.  
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𝐿𝑜𝑔 𝑐!" =     𝛽! +   𝛽!Δ  𝐼𝑇!" + 𝛽!𝐼𝑇  𝑖𝑛  1998! +   𝛼𝑋! +   𝜏! +   𝜖!" 
where 𝐿𝑜𝑔 𝑐!"  is log of deflated total operational costs divided by bed-admittances in county i at time t, Δ  𝐼𝑇𝑖𝑡 is weighted change in the level of IT in the county i at time t (yearly change),  𝐼𝑇  𝑖𝑛  1998!   is the 
initial level of IT at county i in our sample, 𝑋!   are county level characteristics such as population, income, 
race, age, and education; and 𝜏! is time fixed effects that absorb time specific shocks shared by all 
counties.  
We focus on the changes in IT (Δ  𝐼𝑇)  rather than the level of IT because the level of IT does not contain 
information about how long the IT applications have been used. The IT level summarizes whether certain 
applications are used in a given year; however, there is no information about initial use.  For example, if 
we observe that a hospital was using a health IT application in 2000 , the IT application could have been 
used since 1998, or it might have been installed in 2000. Using the change in IT investment allows for a 
clear interpretation of the coefficient because we focus on whether the change in IT use in a given year 
(new IT applications that have been added in that year) affects current and future cost levels. 
We start by conducting a hospital level analysis and compare it with county level analysis to analyze 
externality effects. Table 1 presents the hospital level analysis where dependent variable is the 
standardized costs and interdependent variable of interest is difference in IT adoption from previous year. 
We find that IT adoption is associated with higher costs at the hospital level, consistent with other studies 
that use HIMSS data (Dranove et al. 2012) This relationship remains consistent over time as well with 
lagged values of change in IT adoption. 
 
 
 
(1) (2) (3) (4) (5) 
       
Diff IT 0.1487*** 0.1711*** 0.1987*** 0.2197*** 0.2329*** 
 (0.0132) (0.0154) (0.0174) (0.0193) (0.0215) 
Diff IT (t-1)  0.1943*** 0.2394*** 0.2721*** 0.3016*** 
  (0.0161) (0.0199) (0.0227) (0.0262) 
Diff IT (t-2)   0.2504*** 0.2992*** 0.3371*** 
   (0.0206) (0.0256) (0.0300) 
Diff IT (t-3)    0.2547*** 0.3062*** 
    (0.0242) (0.0314) 
Diff IT (t-4)     0.2638*** 
     (0.0302) 
IT in 1998 0.5805*** 0.5875*** 0.5990*** 0.6103*** 0.6228*** 
 (0.0507) (0.0513) (0.0519) (0.0527) (0.0537) 
Constant 7.4940*** 7.9613*** 7.9085*** 7.8732*** 7.8413*** 
 (0.4030) (0.4104) (0.4170) (0.4236) (0.4308) 
      
Observations 51,228 46,959 42,690 38,421 34,152 
R-squared 0.1733 0.1684 0.1632 0.1576 0.1524 
Adj. R-squared 0.173 0.168 0.163 0.157 0.152 
Table 1: Effect of change in IT on hospital level costs. Standard errors in parentheses. Standard errors 
are clustered by hospital. *** p<0.01, ** p<0.05, * p<0.1Control variables included: time 
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Next, we analyze the relationship between same variables at the county level. Table 2 presents the effects 
of contemporaneous and lagged effects of change in IT on total operating costs. However, a change in IT 
is seen to have a negative and significant relationship with costs and the negative relationship is 
significantly stronger for the lagged variables of change in IT adoption. These results provide evidence 
that there can be externalities of IT adoption at a regional level, which goes beyond the IT adopting 
hospitals.  
 
VARIABLES (1) (2) (3) (4) (5) 
Diff IT -0.0265* -0.0306* -0.0328* -0.0366* -0.0414* 
 (0.0140) (0.0165) (0.0186) (0.0202) (0.0220) 
Diff IT (t-1)  -0.0295* -0.0327 -0.0391 -0.0479* 
  (0.0168) (0.0210) (0.0238) (0.0263) 
Diff IT (t-2)   -0.0289 -0.0418 -0.0536* 
   (0.0213) (0.0266) (0.0302) 
Diff IT (t-3)    -0.0639** -0.0812*** 
    (0.0249) (0.0310) 
Diff IT (t-4)     -0.0843*** 
     (0.0286) 
IT in 1998 0.0131*** 0.0131*** 0.0130*** 0.0130*** 0.0129*** 
 (0.0022) (0.0022) (0.0022) (0.0022) (0.0022) 
Constant 7.6112*** 7.6937*** 7.6406*** 8.2138*** 8.2546*** 
 (0.9121) (0.9255) (0.9437) (0.9613) (0.9780) 
      
Observations 22,440 20,570 18,700 16,830 14,960 
R-squared 0.2934 0.2910 0.2854 0.2790 0.2737 
Adj. R-squared 0.293 0.290 0.285 0.278 0.273 
Table 2: Effect of change in IT on county level costs. Standard errors in parentheses. Standard errors 
are clustered by county. *** p<0.01, ** p<0.05, * p<0.1Control variables included: Time, income, age, 
race, population, education. 
 
Additionally, we differentiate changes in basic IT and advanced IT applications. Table 3 present the 
average effects of difference in basic IT and advanced IT variables on costs in column 1 and 2. To further 
investigate whether basic and advanced IT have heterogeneous effects on urban and rural locations, we 
use the Urban Influence Codes (UIC) created by the Economic Research Service, U.S. Department of 
Agriculture. The urban influence codes form a classification scheme that distinguishes metropolitan 
counties by size and non-metropolitan counties by the size of the largest city or town and proximity to 
metropolitan counties. We group the counties into 3 groups based on their UIC codes: Metropolitan 
counties, non-metropolitan urban counties, and rural counties. Column 3 and 4 of Table 3 the results 
where we interact the IT measure with urban/rural categories. Rural counties are the omitted category. 
The results indicate that increases in advanced IT adoption significantly decrease the costs more in more 
urban locations.  
 
VARIABLES (1) (2) (3) (4) 
Diff Basic IT -0.0134 -0.0149 -0.0530* -0.0553* 
 (0.0156) (0.0179) (0.0285) (0.0326) 
Diff Basic IT (t-1) -0.0160 -0.0212 -0.0562* -0.0710** 
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 (0.0180) (0.0203) (0.0313) (0.0354) 
Diff Basic IT (t-2) -0.0227 -0.0279 -0.0599* -0.0768** 
 (0.0195) (0.0225) (0.0341) (0.0388) 
Diff Basic IT (t-3) -0.0255 -0.0331 -0.0313 -0.0592 
 (0.0174) (0.0230) (0.0345) (0.0435) 
Diff Basic IT (t-4)  -0.0429**  -0.0742* 
  (0.0209)  (0.0400) 
Diff Adv IT -0.0226 -0.0249 0.0387 0.0358 
 (0.0172) (0.0182) (0.0368) (0.0384) 
Diff Adv IT (t-1) -0.0227 -0.0247 0.0626 0.0676 
 (0.0203) (0.0218) (0.0445) (0.0469) 
Diff Adv IT (t-2) -0.0149 -0.0211 0.0953 0.0957 
 (0.0237) (0.0266) (0.0585) (0.0622) 
Diff Adv IT (t-3) -0.0461* -0.0542* 0.0336 0.0379 
 (0.0248) (0.0294) (0.0516) (0.0603) 
Diff Adv IT (t-4)  -0.0430  0.0429 
  (0.0282)  (0.0561) 
Diff Basic IT * Metro   0.0590 0.0612 
   (0.0359) (0.0414) 
Diff Basic IT (t-1) * Metro   0.0574 0.0685 
   (0.0404) (0.0462) 
Diff Basic IT (t-2) * Metro   0.0547 0.0662 
   (0.0448) (0.0516) 
Diff Basic IT (t-3) * Metro   0.0227 0.0308 
   (0.0422) (0.0545) 
Diff Basic IT (t-4) * Metro    0.0336 
    (0.0518) 
Diff Adv IT * Metro   -0.0727* -0.0695 
   (0.0429) (0.0451) 
Diff Adv IT (t-1) * Metro   -0.0944* -0.1007* 
   (0.0515) (0.0548) 
Diff Adv IT (t-2) * Metro   -0.1233* -0.1292* 
   (0.0652) (0.0704) 
Diff Adv IT (t-3) * Metro   -0.0865 -0.0929 
   (0.0606) (0.0716) 
Diff Adv IT (t-4) * Metro    -0.1151* 
    (0.0687) 
Diff Basic IT * Non-metro Urban   0.0422 0.0420 
   (0.0407) (0.0462) 
Diff Basic IT (t-1) * Non-metro 
Urban 
  0.0429 0.0574 
   (0.0453) (0.0505) 
Diff Basic IT (t-2) * Non-metro 
Urban 
  0.0323 0.0537 
   (0.0486) (0.0547) 
Diff Basic IT (t-3) * Non-metro 
Urban 
  -0.0297 0.0254 
   (0.0476) (0.0594) 
Diff Basic IT (t-4) * Non-metro 
Urban 
   0.0465 
    (0.0539) 
Diff Adv IT * Non-metro Urban   -0.0926* -0.0962* 
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   (0.0506) (0.0531) 
Diff Adv IT (t-1) * Non-metro 
Urban 
  -0.1414** -0.1541** 
   (0.0606) (0.0636) 
Diff Adv IT (t-2) * Non-metro 
Urban 
  -0.1761** -0.1891** 
   (0.0753) (0.0818) 
Diff Adv IT (t-3) * Non-metro 
Urban 
  -0.1332* -0.1623* 
   (0.0736) (0.0851) 
Diff Adv IT (t-4) * Non-metro 
Urban 
   -0.1040 
    (0.0766) 
Observations 16830 14960 16,830 14,960 
R-squared 0.2802 0.275 0.2825 0.2777 
Adj. R-squared 0.279 0.274 0.281 0.275 
Table 3: Effects of changes in basic IT and advanced IT in urban/rural counties. Standard errors in 
parentheses. Standard errors are clustered by county. *** p<0.01, ** p<0.05, * p<0.1. Control variables 
included: Time, income, age, race, population, education 
Additionally, we study the effect of the inequality in IT adoptions in the county. To do this, we calculate 
the gini coefficient of the variation in the IT adoption by the different hospitals in the county. Table 4 
presents the results of impacts of IT distribution among different hospitals in a county.  The results 
suggest that having a concentrated IT distribution in some hospitals can be enough for achieving cost 
reductions at a regional level.  
 
  VARIABLES (1) (2) (3) (4) 
     
Gini in IT -0.2643*** -0.2358* 0.0909 -0.3247 
 (0.0600) (0.1339) (0.2157) (0.6428) 
Gini *  Metro  -0.0964  0.4533 
  (0.1517)  (0.6852) 
Gini * Non-Metro Urban    0.0986  1.0416 
  (0.1859)  (0.8375) 
Gini Sq   -0.7034* 0.1812 
   (0.4090) (1.2913) 
Gini Sq *  Metro    -1.0776 
    (1.3651) 
Gini Sq *  Non-Metro Urban     -1.9085 
    (1.7043) 
Metro  -0.0650  -0.0639 
  (0.0757)  (0.0773) 
Non-Metro Urban  0.1566*  0.1896** 
  (0.0879)  (0.0906) 
log of total IT 0.1357*** 0.1380*** 0.1298*** 0.1394*** 
 (0.0189) (0.0495) (0.0193) (0.0514) 
log of total IT *  Metro  0.0275  0.0204 
  (0.0523)  (0.0539) 
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Table 4: Effect of distribution of IT Standard errors in parentheses. Standard errors are clustered by 
county. *** p<0.01, ** p<0.05, * p<0.1. Control variables included: Time, income, age, race, 
population, education 
Next, we study the effects of software integration. We analyze all the different types of software systems 
that are deployed within a county and assess the impact of the adoption of different systems. The 
independent variable that we use is the maximum number of hospitals in a county out of the total number 
of hospitals in a county that use the particular software, suing the following model: 𝐿𝑜𝑔 𝑐!" = 𝛽!𝑅𝑎𝑡𝑖𝑜  𝐶𝐷𝑅  𝑆𝑜𝑓𝑡𝑤𝑎𝑟𝑒 + 𝛽!𝑅𝑎𝑡𝑖𝑜  𝐶𝐷𝑆𝑆  𝑆𝑜𝑓𝑡𝑤𝑎𝑟𝑒 + 𝛽!𝑅𝑎𝑡𝑖𝑜  𝐶𝑃𝑂𝐸𝑆𝑜𝑓𝑡𝑤𝑎𝑟𝑒  + 𝛽!𝑅𝑎𝑡𝑖𝑜  𝑂𝐸  𝑆𝑜𝑓𝑡𝑤𝑎𝑟𝑒 + 𝛽!𝑅𝑎𝑡𝑖𝑜  𝑃𝐷𝑆𝑜𝑓𝑡𝑤𝑎𝑟𝑒 +     𝛼𝑋! +   𝜏! +   𝜖!" 
Table 5 presents the results for the effects of software integration.  We find that on average, the higher 
ratio of hospitals that adopt the same software is associated with lower costs. Software integration among 
the adoption hospitals can lead to lower costs. We further analyze whether integration of software is more 
significant, more urban counties with a larger network of hospitals. We find that the impacts of software 
integration are more significant in more urban places. These results align with the intuition, as the most 
urban locations would have a larger number of hospitals, and therefore making integration a more 
important issue.  
 
VARIABLES (1) (2) (3) (4) (5) 
       
Diff Basic IT 0.0539** 0.0079 0.0390 0.0129 0.0123 
 (0.0254) (0.0145) (0.0302) (0.0176) (0.0170) 
Basic IT in 1998 0.0076*** 0.0080*** 0.0058*** 0.0075*** 0.0082*** 
 (0.0023) (0.0021) (0.0018) (0.0021) (0.0022) 
Diff Adv IT -0.0021 0.0061 -0.0148 0.0086 0.0101 
 (0.0248) (0.0136) (0.0278) (0.0152) (0.0143) 
Advanced IT in 1998 0.0305** 0.0364*** 0.0234* 0.0415*** 0.0385*** 
 (0.0120) (0.0113) (0.0123) (0.0115) (0.0116) 
Ratio PD Software -0.0827*     
 (0.0456)     
      
Ratio OE Software  -0.1088***    
  (0.0377)    
Ratio CPOE Software   -0.1727***   
   (0.0530)   
Ratio CDSS Software    -0.0723*  
    (0.0403)  
Ratio CDR Software     -0.0778** 
log of total IT  *  Non-Metro 
Urban 
 -0.1109*  -0.1414** 
  (0.0625)  (0.0657) 
Constant 7.7450*** 7.4530*** 7.7481*** 7.4052*** 
 (0.8266) (0.8590) (0.8261) (0.8582) 
     
Observations 20,852 20,852 20,852 20,852 
R-squared 0.3047 0.3083 0.3051 0.3093 
Adj. R-squared 0.304 0.307 0.304 0.308 
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     (0.0382) 
Constant 9.1143*** 8.5851*** 11.7114*** 8.5535*** 8.6586*** 
 (1.0462) (0.7884) (1.2484) (0.8650) (0.8423) 
Observations 4,929 14,710 4,037 11,589 12,228 
R-squared 0.3431 0.3225 0.3201 0.3130 0.3266 
Adj. R-squared 0.340 0.321 0.316 0.312 0.325 
Table 5: Effect of software integration Standard errors in parentheses. Standard errors are 
clustered by county. *** p<0.01, ** p<0.05, * p<0.1 Control variables included: Time, income, 
age, race, population, education 
5 Discussion and Conclusion 
In this study, we analyze the contemporaneous and long-term impacts of IT adoption on health care costs 
at the county level. We find evidence of positive externality of health IT investment and that the average 
operational cost of the hospitals decrease as change in IT investment increases at the county level. 
Additionally, as previous research has noted, the effect of the adoption of IT systems on productivity may 
not be apparent immediately (Brynjolfsson and Hitt, 1996). Hence, we focus on the lagged effects of 
health IT on cost levels, and find larger benefits in the longer-run.  
Further, advanced IT has a stronger effect on the health care costs especially for more urban areas, which 
provide easier access to complementary resources, such as IT and skilled labor.  This is interesting as 
although a number of studies have argued that complementary services to IT may lead to a greater 
benefits, the evidence on network effects is scarce in the literature. This complements earlier research that 
has argued that productivity gains can be achieved by firms that invest in IT due to access to 
complementary services. 
We also test whether the effects differ by the distribution of IT among co-located hospitals. We find 
evidence that hospitals do not need to have same level of advancement of IT applications, and regional 
savings can be obtained by concentrated health IT in some hospitals. Additionally, the impacts are larger 
if adoption hospitals use the same software that increases compatibility of record, information and labor. 
We contribute to several streams of literature. First, we contribute to the literature on health IT impacts. 
The literature on the effects of of health IT on health care costs has been mixed. Most of research is at the 
hospital level and we propose that regional level analysis can provide a different perspective to gain 
insights on economic impacts of health IT. We provide a new theory taken into account externalities at a 
regional level. This is due to the fact that patients may not always use a single hospital for all their 
medical needs and that these different organizations may need to share patient information between them. 
Even though several studies mention these potential externalities, not many of them provide theory and 
evidence regarding the regional impacts; we are also not aware of any empirical research trying to 
quantify the level of externality in health IT investment.  
Our study also contributes to the economics impacts of IT literature. Research into the impact of 
investments in IT has been extensive – starting from the original productivity paradox at the firm level to 
macro level impacts (Brynjolfsson (1993), Dewan and Kraemer (2000) Dedrick, Kraemer and Shih 
(2011), Atasoy (2013)). We provide evidence that there are significant costs benefits from health IT 
adoption at a regional level. These cost reduction benefits are not present at the hospital level, therefore 
suggesting the micro and macro level economic impacts of IT can be fairly different. 
These results have a number of important public policy implications. Health care costs remain to be one 
of the most important policy outcomes and also health IT has taken a significant role in US health care 
policy that is subject to a big debate. HICTECH Act devotes around $26 billion to increase Health IT 
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adopting rates, and there have been an ongoing debate among policy makers whether the benefits of 
health IT compensates the costs.  
We provide evidence on regional level externalities on health IT adoption that goes beyond the hospital 
level. Increases in IT levels on average are associated with higher level of costs for the adopting hospitals, 
however lower total costs at the county level. Due to patients’ mobility, other hospitals (and potentially 
even non-IT adopting hospitals) can benefits from a better diagnostics, care and records and providing 
more accurate treatments to patients, therefore, reducing costs. However, when adopting hospitals cannot 
internalize the benefits of their IT investments, suboptimal investment may be made. Therefore, it is 
important that policy makers should provide necessary incentives, such as providing subsidy to 
applications that can benefit more than one hospital, to ensure optimal amount of investment is made 
from the society’s point of view. In addition, our findings that these impacts are larger over the long-term 
indicating that the health IT policies might take years to generate the costs benefits that compensate the 
costs.  
We also show that the impacts of health IT investments depend on characteristics of the region and the 
type of IT applications.  We find that advanced IT applications that enable between hospital information 
exchanges, are more beneficial in more urban locations. Additionally, not all hospitals in a county have to 
be on the same advanced IT level to achieve cost reductions. Instead, IT adoption that is concentrated in a 
few hospitals can also stimulate the savings in the health care expenditure. This is an important current 
debate as there are opposing views on the costs benefits of health IT, and whether all hospitals should be 
encouraged to adopt IT. Our results suggest that health IT might not be necessary in all hospitals in order 
to achieve minimum regional health are costs. Availability of IT in some hospitals in the region can 
enable patients with complex situations benefits from these technologies. Therefore, for policy makers, a 
more important question may be how to select a critical number of hospitals to adopt health IT, instead of 
having a blanket policy requiring all hospitals to adopt same level of IT.   
We also examine the effects of software integration and find that cost reduction is larger if adopting 
hospitals use the same software. Software integration will make EMR sharing within hospitals easier. 
This reduction is especially apparent for more urban counties that have larger number of hospitals. This 
finding suggests that some intervention may be needed to ensure various IT applications among hospitals 
work together in order to achieve better health costs reductions. 
Overall, our results indicate that health IT can be seen as a regional policy due to externality effects. 
Health care costs are usually treated as a regional level policy measures, and we establish that the macro 
and micro level relationship between health IT and costs can be different. Policy makers also need to 
consider of the characteristics of the location, the distribution of health IT among hospitals in the area, 
and software integration to achieve the maximum level of benefits form health IT policies. 
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